Objectives: To assess whether current smokers eat differently than never smokers and the relation of smoking cessation to dietary change. Design: Population-based survey from 1993 ± 1997. Setting: The Bus Sante Â 2000, epidemiologic observatory of Geneva, Switzerland. Subjects: A representative sample of 2301 men and 2306 women resident of Geneva, Switzerland. Results: In both genders, compared to never smokers, current heavy smokers ( ! 20 cigarettesad) consumed daily less total vegetables proteins (P`0.03), carbohydrates (P`0.0001), saccharose (P`0.01), ®bers (P`0.0001), beta-carotene (P`0.001), fruit (P`0.0001) and vegetables (P`0.04), but they drank more alcohol (P`0.0001) and more coffee (P`0.005). In addition, female current smokers ate less energy (P`0.4), complex carbohydrates (P`0.002), cereals (P`0.003), vegetables (P`0.0001) and less iron (P`0.02). The diet of ex-smokers tended to become more similar to that of never smokers. When longer duration of smoking cessation increased, the consumption of total carbohydrates and complex carbohydrates increased (P`0.01 and P`0.06), and alcohol decreased (P`0.07) in both genders. Conclusions: As in other Western countries, the diet of Swiss smokers appears less healthy than that of never smokers in both men and women, while smoking cessation has bene®cial aspect on the quality of the diet. Current smoking appears to have an even stronger effect on the diet of women than on the diet of men. Sponsorship: Swiss National Fund for Scienti®c Research (Grants No 32.31.326.91, 
Introduction
Current smokers in the United States and in Europe may eat less fruits, vegetables or ®bers and more saturated fat than never smokers (Thornton et al, 1994; Margetts & Jackson, 1993; Morabia & Wynder, 1990; Subar et al, 1990; Midgette et al, 1993) . The reasons why smokers eat differently have not been completely elucidated. Smokers being aware that tobacco is a major risk factor may pay little attention to smaller risk associated with the composition of their diet. It is also possible that tobacco smoke itself in¯uences food choices. It has been hypothesized that the effect of nicotine on smell and taste leads smokers to prefer meat and fatrich foods instead of fruits or vegetables (Redington, 1984; Grunberg, 1982; Perkins et al, 1990; Frye et al, 1990) . Indeed, there is evidence that, after smoking cessation, diet changes and becomes more similar to that of never smokers (Cade and Margetts, 1991; Hebert & Kabat, 1990; Curtin et al, 1997; Bolton-Smith et al, 1991 Strickland et al, 1992; Thornton et al, 1994; Morabia & Wynder, 1990; Midgette et al, 1993) .
The in¯uence of smoking on diet is relevant for both men and women. Between 1984 and , the prevalence of smokers in a French speaking region of Switzerland has decreased from 32 ± 28% in men aged 25 ± 74 y (P`0.05), but increased in women from 23 ± 25% (P n.s.) (Wietlisbach et al, 1997) . This evolution is consistent with that observed in Southern European populations (Pierce, 1989; Graham, 1996) . It is therefore of paramount public health and clinical importance for both genders to show that smoking in itself, independently of the cultural context, negatively affects dietary choices. If true, such ®nding would mean that smokers and their doctors need to be informed about the smoking-related unhealthy dietary habits and that smoking cessation programs may bene®t from incorporating dietary education components.
We have therefore investigated the relation of smoking and smoking cessation to diet using data collected in a population-based survey in Switzerland.
Subjects and methods

Subjects
Between January 1993 and December 1997, a random sample of the adult population of Geneva was selected to represent the 98.000 female and 89.000 male non-institutionalized residents of Canton Geneva aged 35 ± 74 y (Morabia et al, 1997). Subjects were identi®ed from an of®cial list of all residents that included names, date of birth, address and nationality. Random sampling in age-nationality strata was proportional to the corresponding distributions in the Geneva population. Subjects were asked by mail to participate in a population survey about`women's and men's health'. In case of non-response after 15 d, they were called by telephone up to seven times on different days of the week and at different hours of the day and, if necessary, sent a second or third letter. A systematic check in the following edition of the list has shown that over 90% of the subjects who have not been reached did not reside in Geneva anymore. On the other hand, subjects who were reached but refused to participate were not replaced. The overall recruitment procedure of a subject took up to two months. Participation rate was 70%: 2301 men and 2306 women participated to the study.
In-person interviews were performed in a mobile clinic where trained interviewers helped the participants to complete a detailed questionnaire about medical and familial history, socio-demographic factors, health and dietary habits, smoking behaviour. For women, the smoking history section of the questionnaire was a calendar dedicated to active smoking. In the calendar, lines corresponded to ages and columns to the number of cigarettes smoked per day or the brand of cigarettes. For men, we asked whether they smoked, the age at which they started and eventually stopped, and the average number of cigarettes they had smoked.
All participants completed at home a self-administered, semiquantitative food frequency questionnaire, developed and tested in the study target population during 1992 Bernstein et al, 1994; Block et al, 1986) . The questionnaire described the usual diet during the four weeks preceding the interview. It comprised a list of 97 food items and serving sizes that can be converted into daily energy, nutrients and alcohol intakes . The food frequency questionnaire was brought back on the day of the visit to the mobile unit, where it was checked for completeness by the interviewers.
Data analyses and statistics
Subjects were de®ned as never smokers (subjects who had never smoked or smoked less than 100 cigarettes in their lifetime) and into ever smokers (subjects who had smoked at least 100 cigarettes in their lifetime). Ever smokers could be either current smokers or ex-smokers (subjects who had stopped smoking for at least one year). Current smokers were further categorized as light smokers ( 20 cigarettesad) and heavy smokers ( b 20 cigarettesad), according to current consumption for women or to the average number of cigarettes per day men had smoked in their lifetime. Ex-smokers were divided according to the time elapsed since smoking cessation (1 ± 4 y or ! 5 y).
Food items in the semiquantitative food frequency questionnaire were grouped according to their fat content and to their type. Ten groups were created:`Bread and cereals' (all types of breads, cereals, crackers, pastas, raviolis, rice, pizza, couscous),`High fat food' (fried ®sh, tuna in oil, French fries),`Fruit and juice' (bananas, apple, pears, grapes, citrus fruits, peach, apricot, melon, berries, kiwi, canned fruits, compotes),`Vegetable and greens' (spinach, cabbage, green beans, tomatoes, carrots, avocado, salad, peas, corn, vegetable soup, cream of vegetable, potatoes, tomato sauce),`Eggs',`Tofu',`Fish' (salmon, trout, cod, lean ®sh, seafood),`Fat meat' (ham, pork, lamb, sausages, pa Ãte Â, stewed meat),`Other meat' (steak, veal, horse, chicken, hamburgers, roasted beef), Alcohol' (beer, wine, ape Âritifs, liquors).
All analyses were adjusted for age, body mass index (weight in kgaheight 2 in m 2 ) and social class. Social class was de®ned by the longest occupied job coded according to a Swiss adaptation of the criteria of the British Registrar General's Classi®cation of Occupations (1980) (Beer et al, 1986) . Higher social class corresponded to academics, professionals and non manual quali®ed workers (classes I ± IIINM) and lower social class grouped manual quali®ed and unquali®ed workers (classes IIIM ± V).
Two nutrients (b-Carotene and alcohol) and all food item variables were analyzed after logarithmic transformation. For these variables, geometric means adjusted for age, body mass index (BMI, kgam 2 ), and social class were computed. Heterogeneity of means were calculated by analysis of variance according to the length of smoking cessation and according to the amount of cigarettes, never smokers being the reference, with age, BMI and social class as covariates.
Results Table 1 shows the distribution of smoking status by gender. About half of the women had never smoked, men were more often ex-smokers of ! 5 y than women. These gender differences have been analyzed in detail elsewhere (Curtin et al, 1997) .
There were no differences according to smoking status for the proportions of animal proteins, saturated fat, polyunsaturated fat, monounsaturated fat and retinol in both genders (data not shown). Table 2 presents the daily energy and nutrient intakes of current smokers compared with never smokers. The total energy consumption was relatively stable across smoking status in men (about 2250 Kcalad) but declined from 1779 ± 1670 Kcalad in women. Many aspects of the dietary contrasts were similar in both males and females. Heavy smoking was related to less vegetable proteins (4.3% and 4.4% in male and female heavy smokers compared to 4.5% and 4.9% in male and female non-smokers), less total carbohydrates (41.8% in male and 42.8% in female heavy smokers vs 45.0 and 46.6% in never smokers), less saccharose (17.6% and 20.2% in male and female heavy smokers vs 19.9% and 22.1% in male and female never smokers) and more alcohol (6.9% and 3.6% vs 4.1% and 1.7%). Female Ð but not male Ð heavy smokers consumed also less complex carbohydrates (22.5% in heavy smokers and 24.3% in never smokers) and had a lower ratio of polyunsaturated fat over saturated fat (42.6% in heavy female smokers vs 46.8% in never smokers).
In Table 3 , trends across duration of smoking cessation indicate that the diet of ex-smokers tends to become more similar to that of never smokers, especially with respect to increased intake of total carbohydrates, complex carbohydrates, saccharose (only in men), total fat (only in women) and a reduced intake of alcohol. Table 4 shows that heavy smokers ate less cereals (females only), less fruit, less vegetables, more coffee, had a lower intake of ®bres, betacarotene and iron (females only).
There were no differences in the consumption of fried food, eggs, ®sh, fat and lean meat according to smoking status in both genders (data not shown).
Discussion
In this study, the diet of current smokers tended to be less healthy than that of never smokers. Consumption of vegetables, fruits, total carbohydrates, saccharose, ®bres and betacarotene decreased whereas alcohol and coffee consumption increased along the gradient of daily cigarette consumption. These results are in line with several previous reports in Western countries reporting an unhealthy diet in smokers (Cade & Margetts, 1991; Hebert & Kabat, 1990 ; Values are slightly different from those in Table 3 because the model does not include ex-smokers. Values are slightly different than preferably``from those'' in Table 2 because the model does no include current smokers. Bolton-Smith et al, 1991 Strickland et al, 1992; Thornton et al, 1994; Margetts & Jackson, 1993; Morabia & Wynder, 1990; Subar et al, 1990; Midgette et al, 1993) . The diminution of total carbohydrates intake and of antioxidants such as betacarotene in heavy smokers has been observed in British smokers (Margetts & Jackson, 1993 ) whereas a diminution of saccharose consumption had been noted in Australian female smokers (Midgette et al, 1993) . Current smoking seemed to affect more women's than men's diet. Female smokers ate less complex carbohydrates, cereals, vegetables, iron and had a lower ratio of polyunsaturated fat to saturated fat. However, these gender differences must be interpreted cautiously. Women are known to be more accurate in reporting their diet than men, and biased report in men is likely to blur a possible association with smoking. Indeed, the lower ratio of polyunsaturated fat to saturated fat in heavy smokers has been observed in both genders in other populations (Strickland et al, 1992; Fulton et al, 1988; Margetts & Jackson, 1993) .
Effects of smoking on diet
Previous studies have pointed out that the diet of exsmokers becomes similar to that of never smokers as time elapses since smoking cessation (Cade & Margetts, 1991; Hebert & Kabat, 1990; Curtin et al, 1997; Bolton-Smith et al, 1991 Strickland et al, 1992; Thornton et al, 1994; Morabia & Wynder, 1990; Midgette et al, 1993) . We observed an improvement in the diet with longer duration of smoking cessation. We have previously shown that Geneva women who quit smoking have a lower body mass index than either smokers or never smokers (Bernstein et al, 1996) . In Scotland (Bolton-Smith et al, 1993) , the gender differences in dietary changes with the duration of smoking cessation suggested that recent female exsmokers make special effort to rapidly improve their diet at least for certain nutriments, whereas for men the pressure for weight control and diet control may be weaker.
Because of gender differences in smoking habits related to social class in the Geneva population (Curtin et al, 1997) , the present analyses were also performed after strati®cation for social class (data not shown), but tendencies persisted.
Nutritional studies can be plagued by misreporting bias (Briefel et al, 1997) . We are con®dent that the food frequency questionnaire used in this survey assesses with reasonable accuracy the diet of the Geneva population since this questionnaire has been developed and previously tested in that population Morabia et al, 1994) . A detailed questionnaire on the smoking habits was used in this study and it is usually considered that reported smoking is an accurate estimate of actual smoking behaviour (Patrick et al, 1994) . A validation of self-reported smoking by salivary thiocyanate and expired CO in the sample during 1996 indicated a sensitivity of 89% and a speci®city of 87% for self-reported smoking. A selection bias may have occurred because only 70% of the eligible population accepted to participate. However, it was reassuring to note that the prevalence of smoking status in the sample was similar to those of subjects who refused to participate to the study (Curtin et al, 1997) .
Conclusions
This is the ®rst report of the relation of smoking to diet based on a detailed smoking history and a quantitative assessment of diet in the general Swiss population. Its results are in line with Swiss data showing a less balanced diet in adolescent smokers compared to non-smokers (Bruppacher & Erne, 1975) .
Because of its cross-sectional design, the present survey does not allow to infer that it is smoking that affects the diet of smokers. However, the remarkable consistency of dietary differences with smoking status in different cultures as well as the reversal of dietary habit with smoking cessation seem to con®rm that the diet of smokers is in¯uenced by the biological effects of constituents of tobacco smoke on taste rather than by social status. From a public health perspective, efforts should be made to make smokers aware about their dietary imbalance and to educate them on how to switch to a more healthy diet when they quit. 
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